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Abstract: Maximum output power status can significantly improve the deployment rate of solar energy system. In order to get the 
maximum power output, issue of tracking maximum power point (MPP), reduced harmonics around MPP and improve 
efficiency of the solar power energy system, this paper presents the improved maximum power point tracking (MPPT) control 
technique algorithm on the basis of traditional Incremental Conductance (InCon) method. Nonlinear engineering model of solar 
cells is built in the “MATLAB/Simulink”, simulation software. Analyze the basic working principle of maximum power point 
control technology. Design the simulation model of conventional Incremental conductance method and compares the results 
with modified method. The main circuit of the system consist on DC Boost Converter.  The simulation results illustrate that, the 
modified Incremental conductance (InCon) MPPT algorithm is realistic, fast tracking accuracy, efficient and the stability of 
output power are superior. 
Keywords: Photovoltaic system, MPPT control algorithms, MATLAB/Simulink, DC-DC converter.   

I. INTRODUCTION 
In the world's energy structure in the 20th century and beyond, the main resources for electrical power generation systems are oil, 
gas and coal. But since entering the 21st century, the sharp rise in the population and the dramatic increase in living standards have 
forced us to look for new energy resources because of the limited conventional resources. In the new era of power production, 
thermal solar photovoltaic power generation is becoming the most sustainable development prospects in renewable resources power 
generation technology [1], [2].  
Solar thermal power energy has the advantages of infinite resource, pollution free, noise free, no running cost, small size, simple 
structure and high reliability [3]. 
Depending on the production, photovoltaic cells can be divided into silicon-type, chemical type and organic semiconductor type etc. 
[4], [5].  the most widely used is silicon photovoltaic cells, silicon photovoltaic cells can be divided into single-crystal silicon and 
polysilicon [6], [7]. 
Beside the advantages of solar power generation system, it has some drawbacks. Photovoltaic cells are less efficient, so one of the 
key research topics of solar power generation in order to maximize the use of solar energy is to improve its conversion efficiency [8]. 
Therefore, in order to improve the solar cell efficiency and reduce the hormonic in output power, it is important to adopt power 
adjustment control strategy for photovoltaic power generation systems to keep the system in the continued running state of the 
maximum output power [9], [10].  
For the reason so many control algorithms are developed. Recently most commonly used maximum power point tracking (MPPT) 
control algorithms are Perturbation and Observation (P&O), Incremental Conductance (InCon), Constant Voltage method etc. [11]. 
Perturbation and Observation is a simple and practical method, but its drawback is large perturbation range and slow tracking speed 
[12], [13]. Constant Voltage method is a simplified maximum power tracking control method, which is relatively simple to achieve, 
but in unstable external environment condition maximum power point (MPP) cannot be tracked in real time.  
The Incremental Conductance method is based on the amount of change in the instantaneous conductivity and conductivity of the 
photovoltaic array by adjusting the output voltage of the PV array to track the maximum power point (MPP) [14], [15]. It is difficult 
to achieve the exact rated power of the PV output characteristics in practice but MPPT algorithms can improve the overall efficiency 
of the system [16].  
This paper presents an improvement in maximum power point tracking MPPT algorithm for the photovoltaic power generation 
system based on incremental conductance (InCon) method. 
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II. PHOTOVOLTAIC CELL DESIGNING AND SIMULATION ANALYSIS  
A. Mathematical Equivalent Circuit of PV Cell 
According to the principle of electronics, the equivalent of photovoltaic cells can be obtained, as shown in Figure 1. 
According the equivalent circuit of photovoltaic cell, total output current of cell is equal to ܫ = ܫ − ௗܫ −  .௦ܫ

 
I=I − ܫ ቄ݁ݔ ቂ

(ାூோೞ)
்

ቃ − 1ቅ − ାூோೞ
ோೞ

      (1) 

 
Here: Iph=photovoltaic cell current; Io=Reverse saturation current; Id=Diode current; V=Output voltage; I=Output current; 
Rsh=Parallel resistance to ground; Rs=is a series resistor that shows that the current in the battery is effected by barrier, whose value 
depends on the depth of PN junction diode; q=electric charge; K=Boltzmann constant. 

 
Fig. 1. Equivalent circuit of photovoltaic cell 

B. Simulation Model of Photovoltaic Cell 
As can be seen from the equation (1), the characteristic equation of photovoltaic cells is a beyond exponential equations and 
voltage-current are combined which making it difficult to count [17]. In addition, due to the lack of accurate measurement and 
methods, so that the equation (1) needs to be simplified. Standard manufacturing parameters of photovoltaic cells are; solar 
irradiance G=1000W/m2 and temperature T=25 �. Open circuit voltage Voc and short circuit current Ish. Maximum output power of 
the cell can be derived from the above equation (1), if the maximum voltage of cell is Vm and maximum current Im. Thus, the 
simplified engineering model equation (1) can be express as follow [18]: 
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C. Simulation Result of Photovoltaic Cell 
According to the nonlinear engineering mathematical model of photovoltaic cell, a photovoltaic cell simulation model is built in 
MATLAB. Parameters of the photovoltaic cell is given in table 1. Two Parallel and two series cell modules is used during the 
simulation. Under stable weather condition rated maximum output power is 760W. 

 
Table I: Detailed electrical parameters for Trina solar TSM-185DA01A.08 

Parameters  Values 
Maximum output power Pm 185.554 W 
Current at maximum power point Imp 5.14A 
Cells per module (Ncell) 72 
Open circuit voltage Voc 44.6V 
Voltage at maximum power point 

Vmp 
36.1V 

Short-circuit current Isc 5.48A 
Light-generated current IL 5.48A 
Diode saturation current I0 2.0381e-10 
Shunt resistance Rsh 608.2138 Ohms 
Series resistance Rs 0.604 Ohms 

 
Output power characteristics curves, under different weather effect of the photovoltaic cell is shown in figure bellow. 

 
Fig. 2 P-V curve of PV cell at different temperature and stable light intensity (G  1000W / m2) 

 
Fig. 3 P-V curve of PV arrays unstable light intensity and constant temperature T=25C 
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It can be seen from the above figure 2, when the external environment temperature increases the output power of the cell decreases. 
It means that PV cell work more efficiently in winters comparatively with summer. In the figure 3, output power rises as light 
intensity of the sun increases. 

III. PRINCIPLE OF MAXIMUM POWER POINT TRACKING (MPPT)  
The external temperature and light intensity, create non-linear changes in output voltage and output power of photovoltaic cells. In a 
certain determination at temperature and light intensity, photovoltaic cell can only reach to the maximum output power if it is 
operating at maximum output voltage Vm. To get this maximum power from photovoltaic cell we used MPPT control techniques 
[19], [20]. According to the above simulation results of PV cell, the factor effecting photovoltaic array to operate at maximum 
output power is the maximum use of solar radiation [21], [22]. At present, there are many control algorithms use for PV system to 
control MPP such as; Pert and Observe, Incremental Conductance, Fuzzy Logic, Artificial Neural Networks, Constant Voltage, 
Open Circuit Fractional Voltage etc. [23].  

A. Incremental Conductance (InCon) Method 
The incremental conductive control technique is widely use in PV system, it is easy to applicable and practical method. In this paper, 
the simulation model of the conductive increment method is designed, and the following is the algorithm-based analysis of the 
increment conductance method. The relationship between the output power P of the PV array, its output current I and output voltage 
V is as given bellow: 

ܲ =  (5)      ܫܸ
ௗ
ௗ

= ܫ + ܸ ௗ
ௗ

= 0     (6) 
Maximum power point can achieve according to; 

ܫ + ܸ ∆ூ
∆

= 0      (7) 
ܫ∆ = ܫ −  ିଵ                  (8)ܫ
∆ܸ = ܸ − ܸିଵ     (9) 

Control algorithm flow chart of InCon method is given in figure below. 

 
Fig. 4 Flowchart of InCon algorithm 

B. Simulation Model and Results of Conventional (InCon) Method 
Simulation model and output power characteristics curve of the photovoltaic thermal power generation system is given bellow. 
Simulation model is built in MATLAB/Simulink software. Simulation model of the photovoltaic system is given in Figure 5. Figure 
6 is unstable input light intensity.  Figure 7, shows the simulation model of the conventional InCon method. Figure 8, illustrate the 
output power of the photovoltaic system under stable weather condition, when light intensity is G=1000W/m2 and temperature 
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T=25C. It can be seen in figure 9 when the light intensity of external environment change how it effects the output power of the 
system. DC-DC Boost converter is used as Main circuit. 

 

 
Fig. 5 Simulation model of photovoltaic power system 

 
Fig. 6 Unstable input light intensity 

 
Fig. 7 Simulation model of traditional incremental conductance InCon method 

 
Fig. 8 Output power curve of traditional incremental conductance InCon method under stable weather 
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Fig. 9 Output power curve of traditional incremental conductance InCon method when light intensity changes 

IV. MODIFIED (INCON) METHOD 
In order to be able to meet both tracking speed and tracking accuracy and have good stability, this paper presents a MPPT algorithm 
to improve conductivity increment method, simulation model is given in figure 10. The algorithm sets a modified current reference 
value Iref, after various simulation check. Select Iref' value as a standard condition for photovoltaic cell 1/3 of the lower peak current 
Im. The current reference value Iref, at which point the step symbol before the change is accurately define and give the step length 
symbol after the mutation, while applying the shifting step. The simulation results show that when the external environment 
condition changes the system can be fast and accurate to track the maximum power point MPP and the voltage fluctuations are small. 
Figure 11, is the output characteristics curve when the external environment is stable. The effect of variation in light intensity can be 
seen in Figure 12. 

 

 
Fig. 10 Simulation model of modified InCon method 

 
Fig. 11 Output power curve of modified incremental conductance InCon method under stable weather 
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Fig. 12 Output power curve of modified incremental conductance InCon method when light intensity changes 

V. SIMULATION RESULTS AND ANALYSIS 
Distinct analysis of simulation results for both methods are reviewed earlier. Figure 13, 14 shows the comparative results of both 
conventional and modified InCon method. PWM signal is generated in algorithm and provided to the gate of IGBT.  Principal 
simulation circuit of the system is given above in figure 5, parameters of the circuit are set as follow; C1=220µF, C2=450µF, 
L=150µH, R=50V, duty cycle=50% and frequency=20Khz.  
Under stable weather condition temperature is setted as T=25C, light intensity is setted G1000W / m2 and the simulation time is 
set 0.2s.  
Under unstable external environment condition, different light intensity signal is delivered through signal builder, its value varies 
from 780W/m2 to 1000W/m2. The output power waveform is given in figure 14. Simulation time is set as 0.4s for variable input 
signal. 

 
Fig. 13 Comparative output power curve between conventional Incremental Conductance InCon and Modified method under 

stable weather condition 

 
Fig. 14 Comparative output power during unstable weather condition 
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Table II: Comparison of Traditional Vs Modified Method 

 

In the condition, when external environment is stable, it can examine from figure 13, modified method quickly track maximum 
power point (MPP) value at 0.017s and the conventional method reach to MPP value at 0.03s. During stable weather condition the 
fluctuation in output power is relatively small as compare to conventional method. When the weather condition is stable; light 
intensity G=1000W/m2 and temperature T=25C; output power of the improved method is recorded 736.5W and conventional 
method is 730.9W.  During unstable light intensity condition, it can be seen from figure 14, that the output maximum power of 
improved method is higher comparatively with conventional method at different level. When change occurs in external environment 
light intensity, the tracking speed of improved method is fast and fluctuation is lesser compare to conventional method. on the basis 
of simulation results we can say that the response time of improved method is faster than the conventional method. Fluctuation in 
output power is reduced in improved method. Overall efficiency of the improved method is slightly increased. 

VI. CONCLUSION  
This paper introduces basic principle of control methods for maximum power point tracking (MPPT) in solar power generation 
system, and finally implements incremental conductance method. Design the mathematical engineering model of photovoltaic cell, 
built its simulation model in MATLAB/Simulink platform and gets simulation results. Design simulation model of conventional 
incremental conductance method and modified InCon method in MATLAB. At the end compare the result of both methods. 
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